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FOREWORD 

This is the sec")nd part ·of t! report deal:i.ng t~f·.tth the de\Hllop.ment 

lication of edible coatings for protection of dehydrated food 
t'!t)o:tstui:·e, Oi'~)?gen, attY:tt~ .. o:n th:t·ough mfo,ch,::tni.cal :forc.ef;, <:r.nd 

surface growth of mold. The first part, Part I, is directed 
pr.imarily tc.n~t~rd the developme.nt of edible co;:~tings and their 

evaluation for their intended purpose, both as an isola.ted filtu 

and as·~coating on representative foods. Part II is primarily 
concerned with commercially feasible procedures for the g,pplieation 

of such films and the evaluation of fi hns iHl t4pp 1 it::d to representa.~ 

ti.ve foods maintained under severe conditions of both temperature 
and humidity. 

This investigation was performed at the Research Center of the 
~~~~~~l.tc:i::. J:,-g.rd.e ls H:i.dland Compfi'lny • 10701 South l .. yndale Avenue • 

· 'i:"S::f,{Q\:fin:8,f!pGf\i;,~r1 NlnrH~aottl under contract Dld.9 .. J.29·,k\MC .. J.02, as supi>Orted 

by funds from the project titled, COMBA'f FEEDING SYST~:l'-ts. Technical 

'~ffort \•las directed by Dr. Morton S. Cole, Official· Investigator. 

He V.¥ilS assisted by M. M. }hnndy, H. s. White and Nancy '{i!iilliauts. 

The Project Officer for the U.S. Arn1y Natick Laboratories· was 
Dr. Maxwell Brockmann of the Food Division:. Alternate Project Officer 

was M.r. Philip B. Warnock of the Container Division. 

DAL~ H. SIELING; P~D. 

Scientific Director 

H. H. HA.NTZ 
Co lone 1 , Q~1C 

Commanding 

FERDINAND P. MEHRLICH, Phj). 
Director 
Food· Division 

:t:l. .. i 
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C:d:tb1c tht-n:-:;lt((''Pli?~sttc coat 
oxygen b~rriers to dry bars represerit a wicle range of food 

htH: .. me:U: cut· t. .:~.i.r,, c ~'at. 
.£~e~,,~;:tl)_·li;.~, t:,l.l~ i:~)(.):(t~~ (!~)i:~;~Xn.Y~. 1Ttted; lr~~()'1~-~~~!\7~1~C, <~-.(!C~t 

failed to ~ithstand storage at a rature cycl 
het~m(!n ... 13 .tlnd ':f 4:0°C. 
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The_ objective of' this program has been the develPP:tnent pf edil;»l~,cQ~ting_ 
i ' ..• ' • "' • '·· ' • ~ ' 

mate:t~a~s -for dehydrated foods which. provide a signif;ica~t _ dee;re~·:_of l}r_C?~:~ction 

against. atmospheric moisture$ oxidation, a~d- _:fragmentation. 

This. repo!r't repre~ents the fina-l report on Phase II_ of~ a two·: yea~ pr~~ 

DUring Phase I, a series of edible coatings 1-78S developed and t~~teci· __ ~t --~~- · 

found that the effec"ti veness of coati:ngs as barriers depended on the continuity 

of the coating as well as the conditions of storage. The continuation of this 

program during Phase II stressed the evaluation of commereia.ll_y feasible tech-

· niques for the application of edible coatings to compressed unit servings of' . 

the following foods: 

a. d..ry orange juice 

b. dry non ... fat milk 

c e d.ry cream of mushroom soup 

do margarine 

eo dey mashed potatoes 

f. dry applesauce 

g. freeze~dried cottage cheese 

b. precooked_ dehydrated chicken and rice 

i. precooked dehydrated beef stew 

j. 'precoo~ed dehydrated rice pudding 

As in Phase I, edible coatings must be made with ~terlals whieh compl;r 

with FDA- regulations; coatings should yield a· :mird.mum ot 3.·5 Kg calories per 

gram; coatings-should contribute no objectionable odors or flavor nor decrease 

the nutritional qualities of coated foods; the weight of coating material 



should not exceec116- ot ''he wef.cnt or the coated :r0od product. 

coatings are ~-sted ''Dt stC!l~ge Et.t 409C and. at a cycled tempera.t~e range 

of .;.,l8°C to 40°0 for l1Ji81lths.~ 
\ 

TWo additioM:t Stltc!les UDdti~ell :ln Phase n included the feasilDillty 

of eoating. foods during .the textdnal stf!,ge of freez·e . d.ryins and the et:reet 

of absorbed gases on tbe·$eilsit$Vity of f'reeze dried foeds to the adverse 

effects. of a:tm:ospheric· me!#tUH @d o.x;rgen., 
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· A series of costi1q; ·ta~hmliques ws·;·ewlua:ted. :1!01 u attempt ·t·o clsomstrate 
a COlDmercialq feasibl~ ]?r.'<O)~ess for l&pp:cyi.~ e\~ ediblce9 prot~Ctive barrier··. 

to eompressed; food bars @olmtaim~, freeze dried t~ods., Of tbre tra<i;bmques

evaluatedp ~ain ©(ooti!Ol{g vltb a t~l"1tK!!plastie tilm app®ars to be e~ercia.lly · 

teas:f~.ble 9 althmlih· existiWl{g eq'Mlipm®Rit would· meed to be redes~gmted to s•er 
. . 

. exterott~~ Sp~i~mg ~aWl. b®? used i~ @rc»Dj-wmcti(i)im nth nrlaimt C®le.ti~ .ill ~rder 

· ·to ·app~ a.m1 O:lcy"~ml ba~rl~r t<Q> bar$ previously· eoated ritll Si tbem~J..astie 

m.oi.sture barrier., 

Flu:idi z.ed bed almd dip coatilnlg taebrdqu~s ar~ net coDnerc:lally feasible 

at the· prsseJmt time 411 Det:llciflml~ies. iml the :p~perties ot edible c~tiroJg ma·tertals 

are a major prc'folem ill bot!p. of these coati1mg teehmques. 

The appllcati©mi ,(i)f the~cpla·sti~. ~oatimtgs ~riq the term:l-.1 stage ot · 

fr~eze dr,fing is ~ot teasibleo A c~~ti~ous c~~i~ is ver,w diffi~ult to 

obta.i,n a.nd imp:w®SIDati.o~ of po:fe@us· freeze dried ·to~ds 'With them~plastic coatiq 
\ . . ' . . .. 

material prevents rehydration rot the :r~od ~rmd adversely ;lff'~cts the organo"" 
. t~ 

lep·t:te prope:t~ies at the pr~ducto 

:rbe sorptio!1). at polar and non-polar gase~ by treeze dried ehiclten did rmot 

provide any· m.oti©ea.ble moisture barrier pr©te~tioEA. The :feasibility OJf this 

approach. to pr®te~tio~ cf freeze dried f~ods has not been demoustratedo 

Food bars that were ~ain coat~d ~ith a~ edible thermoplastic eampositio~ 

did, not wi tbstand the strl~ent storag(! cco~ndi tio~ms prescrib~do Bars that were 

st·~~:Dder eyclil018 ~q)mditiomta raxagl~ from ... l8°CC tG 4o(§lc w:rr:e degraded 

structurally .within tw ·weeks~ coated food bars exhibited greater stability 

at 4o•c eoutant t~eratm>®o Aft®~ tw,· mom.ths, however9 degraaatiomt of the 

produQts was ·evidermt~ 

3 



The :f'ail'Ure o:f' coated :foods stored und~r ~~ling te~era.ture and humidi t~ 

eo~ditions. is attributed: to: 1) structural weakness in the coating at eases, 
corners an~ centerline of the bars • the latter being caused by the necessity 

··:· .. · 

of coating each side separately with the availabie eq~pment, and 2) the 

expansion and contraction of :food bars under cy-cled temperature and humidity 

conditions,. leading to breakdown .in the strueturalintegrity o:f' the bars. 
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Materials 

A~ Foods 

~hydrated foods were procured as shown in the following }ist: 

Food Item 

1. Dey orange juice 

2. Non ... :rat d.ry milk 

3. Cream· of mushroom· soup 

4. Margarine 

;. Dry mashed potatoes 

6. Dey applesauce 

7. F. D. Cott.age cheese 

8. Precooked del!.-~.~"cbick.en 

9,, ·'Instant Rice (for chicken rice bar) 

10. · Precooked dehydrated b.eef stew 

11. Debydrated chocolate pudding 
(replacing riee pudding) 

12. Cb.ieken soup mix (for ehicken & rice 
bar) 

13. F.D. Halved strawberries 

14. r.n. 1/8" sliced carrots 

B· Chemicals-

1. Ethyl cellulose, Std Ethoxy, Vis 50 

2. )MyV'acet · 5 -oo ( acetylglyceride 
monostearate) 

3. . calcium . stearate 

4. Beeswax 

5 

Brand Name or Source 

Plant Industries, Inc 

"ca~tion" Instant non-fat dey milk 

"norr" cream of mushroom. ·Soup . 

''Blue Bonnet" 

"Pillsbury" mashed potato flakes 

Valley EVaporating Co 

Freeze-dr,y Froduets, Inc 

"Senera.l Foods" Imstaat rice 

"Royal" ChOeel.ate PUdding 

'tL:tpton" Chicken Soup Mix 

canada Freeze Dr7 Foods, Ltd 

Canada Freeze Dry Foods, Ltd 

Dow Chemical Co 

Dl?I 

''Beehive Brand" Will & Baumer 
Candle Co, Inc · 



Glyccsperse TS=20 

Amylose laurate 

A E Staley Mfg Co 

Gelatin 250 ll~om Atla~ntic Gelatin 

Hr. 

Fluorescein 

f!!!E!!.!.!!S!!L!.L!!2.!t.!!!!. 

Most fGods were ~ompressed. with th~ ~di~!! ~f 
binders~ 

of the following 

Pillsbury Binder (FD ... J7 ® fb'Ui\1 t:L:~p·{11t't contra(:t I.>Al9~ 129=AMC""· 
2Hl.3~ Jan .. 1966) 

47.,1~ shortening (Wecebee S Drew Chemical Co) 

19.2'% sodi~ caseinate (Laru! O"Lakes) 

33~71 dextrin (Nation~l Starch) 

100 g of ingredient mix were emulsified in 1000 cc water 

and the mixture was fre.eze dried. The dried pro duet was 

ground to pass a USBS #60 sieve~ 

Evans Rese.tu:ch Binder (FD-14~ final report contra.ct Dbl9..,·129 ... 
,AMC-2111, August 1965) 

99% lactose (F~remost Dairies) 

1% CMC (7MP) (Hercules Powder Co) 

100 g of ingredient m.ix were dissolved in 700 cc water and 

the mixture was freeze-dried.. The dried product was 

ground threugh a USBS 160 sieve~ 

Binders were added at 15-20% by weight ef the food preduct to be 

compressed., The ingredients for each product were blended 

together with binder in a Hob~.1rt 

6 



mixere Unit servings were weighed and transferred to a 3"' 0" x 1. 5" stainless · 

steel compression moldo Blocks were molded with the aid of a ();t~l':r .. ~,:pr.es:i 

according to conditions summarized in Table I. Formulation of food blocks 

was as .follows: 

Mashed Potatoes 

100 .. 0 g Dehydrated Potato Flakes (Pillsbury) 

5~0 g Salt 

Oo5 g White Pepper 

BoO g Shortening {wecobee s) 

5o0 g Non-fat ~ Milk 

ll4oO g 

Chi clten and Rice 

57o2 g Freeze~dried Cooked Chicken 1/4" dice 

5.8 g Liptonus Chicken Soup Mix 

37. 0 g Minute Rice (General Foods) 

lOOoO g 

Beef Stew 

. ,. 

35 oz Freeze-Dried Vegetables With Gravy Mix 

1g_ oz Freeze-Dried Precooked Beef cuts and Snap Beans 

47 oz 

Preparation of Coatings 

Films of various compositions were prepared by several laborator.y pro-

~edures for eyaluation of characteristics .. 

lo Casting from solvents 

The ingredients of the composition were dispersed in solvent with stirring 

and application of heato An aliquot of the.' dispersed mixture is placed at one 

7 



end of' a 12" x 12" Plexfg~,},iss : plate and an adjustable draw bar is used to 

draw a film. Solvent is removed by a cu.rrex.rt of warm air directed at ~he 

plate and the dr.y film is peeled from the PlexigfaSS plate • 

. 2. Formation of Films From Hot Melts 

Two methods were used to make films from bot meJ.ts: a) films were drawn 

on a chrome plate 'With a draw bar; b) bot~ melts were. pressed to desired thick-

ness between chrome plates vlth a heated presso 

The .. hot melts used in this study~ as in Phase ·I, consisted of ethyl ... 

cellulose acetylated glycerides aJnd plasticizers. . The acetylated · m:onoglyceride 

is melted first on a silicone oil batho Ethyl cellulose and plasticizers are 

·added to the melt and the bath temperature is increased to 300·°F. The melt ,-

is mixed conti.nuously to prevent scorching. The draw bar is heated to 275°F 

and an aliquot of ·t;he molten mixtm.~e is poured .on a heated chrome plate. The 

chrome plate is set on a vacuum platen to keep the chrome plate stationary 

while the :f:t~w. is being drawn. Tt1e drawn :fi:lllri is allowed to cool before being 

peeled from the plate. 

Pressed films were made on a hydraulic press equipped with steam heated 

platenso The platens are heated to 250@F and a small amount of hot melt is 

plac_ed between ch:t~ome ferroti,pe plates. The plates are pressed . for 3 minutes 

at a pressure of 2000 psi. The pressure is released and the plates are eaoled 

before the film is peeled off. 

Better control of' film thicltrsess was obtained with the heated press than 

could be obtained by drs:wing films w1~th a heated bar. 

3. Sprayed.Coatings 

Protein coatings were applied to moisture.,.barrier films by spraying. 

Aqueous dispersions of sodiu.m. caseinate were sprayed w:l th a DeVilbis. type MBC 
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spray ~in! equipped with AV=l5-EX nozzle. 

Sod.:i:um ~aseimte aiD.d glycerol plasticizer were dispersed in water by

means of an osterizer blender.. Th.e Q.tspersion was vaCU'IIml deaerated and 

filtered tb.roWtgh glass wool to re:rtove air bubbles and 'Wtldispersed me..terial 

Food bars to spray eMted were St~r·c on rubber stoppers and plae~d on a 

slowly rotating ·ir;~l!htable. The tops ud sides of bars were spray-ed and dried 

turned· over and the other side ws s:prayed in the same tna.nlll!er. Bars were .. 

visual:q inspected for :film eontim-.uity by diff'erenee in sheen between the 

protein coating and the moisture barrier (dUll)tt 

Application of Coatings toFoodsby Commercial Methods 

1. The WUrster F;\Ula!zed Bed Coating Process 

'The WUrster process was de~luped by the Wisconsin Alumni Research 

:F!OUndatiom:.* for (;!rOa:tiq phamaceutical ·tablets. The W'U.t"ster process is a 

batch process 'Whose size depemldS on. the diameter of' the bed or eolmmr:A. C0111!11DS 

from 6 18 inches i1t1 diameter are ava:tl.ableo Coo:t:tng material is dissolved 

in an ap~ropriate solvent such as eblo:r>o:f@lr:m, methylene or ethylene chlar:tde, 

the· cclt:l1illlil by an· \..'ll)?ward stream of hot air. 

Freeze-dried half straWberries. were c~ted wi:th ethyl cellulose "" amylose 

l~.t. and with ethyl cellul(IQ)se ... Myvos.et 5=00 "'" caleiwn stearate eom.pQisitions 

dissolved in chlor~fcm.. Between·15 and ·3r:tf, coatimJg based O!ll the weipt of 

strawberries was applied ill 5o6 to l4o5 miiO.Utes. !fTJAe size of freeze-dried 

strawberry l;latches raJoged from 195 to 235 grams. A 6-inch diameter colimm. was 

used in the ·.coati JOg process.. Air il"Uet and outlet tem,peraturescs.veraged ~T°F 

and l00°F, respectively~ 

* :The cooperation of' Dr John Birdsall a.Jld WARF in 
condueting these tests is grea.tl;Y appre~iated .. 
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* The Eastmak'll C'h.emi cal Compawy has clevelo:ped a coating machine designed 

to extrude a curtain of melted the:t.rmoplastic coati:ng materialo ~e thermo-

plastic curtain is passed o·ver a stationaey, perforated vamna platen on 

which lay the p~duets to be coated.. The .curta.in is drawn aronnd the 

edges of the .. product by •ans of the vacuum and f~~s a sld .. D tipt efJa.ting. 

The thickness of the eurta.i.n, and. of the resul"cing eoati~, is eontrolled 

by the clearan~e betwelf}n "'cb.e jaws of the ext~tsion head. and the speed of 

the traversing curtain.. All parts of the machine, except the vaeutmt platen, 
'.'.i'/r:·, ·; 

are mouuted on rollel"S 't~h:tch allow -'che curtain to :move across the ~lt~;a~,{}~l~~~:f:i~J;:'{l;.J:"::;~;·· .. 

sa.mp+es.. The Sl"dOUJ.at~ of vaeuttm ~a:wn tb.l .. Oll.lh ·cbe :p-erforated platen is eon-

trolled by a valveo t.rhe o~pera"'cing, maehiltle is show in Figttre 1 • . 
Fifteen pounds of ethyl c~llulosep Myvocet 5..::.00 and ealci'Um stearate 

in a ratio oi~ 37: 48: 15 JJ respectively JJ was pr!!."'Pared as · fo1lows: Myvocet 

5-00 was mel.ted in a Hobart m .. :rlng bowl and the ethyl cellulose added 

gradually to obta~'tn. a pu:'Gty.,J..:tke mix.. r:fhe ble:tt:1d. was placed in the reservoir 

and the heaters set at 300~F. Af"'cer meli~ingp the pump was turned on to 

circulate the bot resi~ through the' extl~sion head~ ~aen the mix vas 

melted and the curtain ws free frotli l"mtlps or breaks~ ~lttun stearate 

was added to the resiDo 

uEastoflw" is th~ trarle n.ame for the mchUle and 
process e1evelo:ped ·l>y Fastman Chemical Corp 'Whose 
eoO]peration in coatiJag food bal"'S is gratef\tlly 
acknowled..ged ... 
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Film thickness was test~d by passing the extrus.ion head over a 

cardboard o£ known thickness and measuriiOg the increase in thickness. 

Food bars were placed in rows on the perforated platen approximately 
I l. ' 

2.0" apart.. Moderate va~uum was app+ied to the platen and the machine 

was passed over the bars a single time. T'.ae film was allowed to cool 

for several minutes before each bar -was cut aloDg its edges to separate 

it from the plateno Excess film was peeled off of the platen and returned 

to the heated resen"Oirs.. Tlle food bars were turned over and the second 

side was coated. The coating 'WaS a.J.lcwed to harden at rocm temperature 

before rough edges of the bars were trimmed.. Sodim caseinate dispersions 

were applied to food bars by spraying. 

:a~ The "Liquifilm" Coating Machine 

Crompton & IO:lowles Corp~ Packaging Machinery Division, has developed 

a machine' for the application of hot-melt films .by a combination of spray~ns 
< ' 

, and curtain coating.. A high speed cba~n conveyor careying food bars throush 
,, ·. ' 

the melted coating reportedly permits CODf9fete coating in a single pass. 

A laboratory scale "Liquifilm" lmit was used. at Crompton & IOlo'Wles 

research facility in Bellwood, Illinoiso Trials on this machine were un-

successful because of diffieul:~ies in co~trolling film thiCkness and hot-
. . ( 

melt temperature, lih:i ch resulted in degradation of coatillg material. 

3.. FUsion of Powdered Coatings DUring The Tel"''ttnal Phase of li'reeze Drying 

FoUr coatings evaluated during Phase I exhibited good moisture barrier 

characteristics. These coatings include~ 

1) Ethylcellulose-acetoglyceride Composition 
29 o 4~.-· ·~~J;~~~el:lli:lose 
58 .. 8~ MYVacet 5-00 
5·~ DreWpol 6-2-S 
5-·<JI, Drewpol 6 ... 2-0 
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2) M:Yvocet 5-00 

3) Sunbleached white beeswax 

4) Con:f'ectional:""'.f hard butter (Weeobee 8) 

All coatings were frozen in dry ice and grolmd to pass a USBS #16 sieve .. 

Lean beef round was cut into l/2 x 3/4 x 3/4" pieces and coated with 1.0 g 

of powdered' coating per piece. S~ples were freeze-dried in a Repp Subltmator 

Model 14 freeze drier to less than 3~ moisture. Shelf temperature was adjusted 

to 175 ... 200°F during the final hour of drying.. This temperattu:"e range is higher 

than melting :points of all coatings except the ethylcellulose-acetoglyceride 

composition. After the coatings had fused, the shelf tempel"S.ture was lowered 

to normal ambient temperature before breaking the vacuum.. This cooling time 

was required to. prevent the soft coatings ftoom being drawn into the porous 

meat chunks. coated pieces were transferred to a desiccator and held for 

storage and analysis. 

4. C~ting by Dipping in Dispersions and in Hot Melts 

EXploratory work on ccating food bar~ by\ dipping in toluene dispersions 

of amylose laura.te and ethyl cellulose was c~rried out. Food bars were dipped 

briefly in the fluid coatirJg mixture room temperature, then dried in a 

stream of warm air. 

Ddp coating with a melt of etbyleellulose~MYvacet 5-00-calcium stearate 

was carried out; at a melt temperature of 275-300°Fo 

5· coati~ of Margarine by Dipping in Hot Melts 

Frozen margarine shaped balls was. dipped in hot melts of Myve.cet ; .... oo, 

sodium. caseinate, and beeswax and lett at room temperature until the coating 

hardened. Woode11. applicators were used to hold the margarine balls. After 

the coati:o;g hardened the applicators were removed and bare spots on margarine 

balls were touched wi tb melted coating. 
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l~ Fragmentation of Bars 

m.ined by dropping b('lt"S fr(}m ¢.l! .. h~igbt @if si:¥; fe~t ont:®~ the fleer, 

l'i lms were tested for moisture vapor according t~ the prortJ~tb.ure 

report~ui in Phase I of this study b This is a modified MVT ~an 

analysis where the film is exposed to a relative humidity differen.,., 

tial of 90% at a cct:~nnst~u:tt temper attire 10>f 32°C f¢)r a period of 24 hours. 

Oxyg®n p~rmeability Q!f films was determ:in~d by the method ef 

Karel !!·a11~ A n~ber ~f test cells were connecte• in series to 

allow evaluat.il1\1ln 4l))f up t() 6 films simultaneously. Films were mounted 

in the c®1ls between n~@prene gaskets which prevented leakage at gas 

ential across the film was zere while the Gxygen partial pr@ssure 

differential was one atmosphere. Changes in pressure aft(l!lr gas samples 

compartment to repla~e the 1 ml sample ~®f exygen that was taken.~ Up to 

10 samplings were takea from the same test cell without ~ff~cting the 

1) Karel !! !lt> Food Technology !1.~ 91 .... 94 (1963) 
13 



of the determination. 

Gas analy~es were carried out on a dual column, dual detector Fischer 

Model 25V gas Parti tioner. 

Operating conditions were: 

Sam',ple lml 

Colu:mia temp 75°F 

Carrier gas-rate Helium at 80 cc/min 

Recorder 5 m.v. Sargent Strip Chart 

Sensitivity 10 u 1 o2 at 7 :ma 

Retention Time 02 71 see, N
2 

97 sec 

Pemeabili ty of films was determined from the formula P = YXC/tp where 

P is pel"m:fbility constant expressed in units of C~ X mils ; Y is the 
. mX~X~ 

cell constant calculated as the ratio of' cell volume to film area; X is film 

thickness in mils; C is the volumetric of, concentration of oxygen in the sample; 

t is time in days; and p is the partial pressure differential, in atmospheres, 

of oxygen across the film • 

. 6. Equilibrium :ae~tive HUmidity 

ERH · ~s determined as described in Ofeehnical Report FD-9 1 Contract No 

DA19-l29"'"AMC-ll(N), with the following modifications: one quart jai'"s with 

#12 rubber stoppers were used in place of Mason jars; polyetbtlene cylinders 

approximately 1 .. 1/8" ID and 1'' longwere suspended in the jars by means of 

nylon thread .. · Samples were placed in the pol;te'tihylene cylinders and their 

change in weight determined as a function of timeo 
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constant R. H.· conditi-ons we:re obtained through the use of the following 

solutions: 

~S04 sp. So lo 53 

Saturated Na2cro4 

Saturated NaCl 

Saturated CaS04 

lOtf, R H 

50 

75 

98,; 

R li was determined by means of a Minneapolis Honeywell w6llA relative 

humidity indicator. Tests were .run at 73° and 105~F. 

7. Moisture .A.nalys is 

The moisture content of coated and uncoated foods was . determined by vacuum 

oven at 60°C and 18" vacu":lm-.. The moisture content of films and. coatings was 

determined by the Karl !~sCher titration method
2

) 

2) Fischer, K, Angew Chem ~' 394-6 (1937) 

8.. Peroxide Value 

The degree of :fat oxidation was determined by the iodometric method for 

peroxide value describe~ by Privett _:! !,!3) 

9. Total Carbonyl 

carbouyl compounds developed during the storage of coated food bars were 
) ,> 

determined by the Shell Development Co method described in Emecyville Method 
. ;i . 

Series EMJ 3038/64. 
J,,_ 

Traces of carbonyl compounds im. extracted fat were measured spectrophoto• 

metrically by ,tr,eating a sample with an alcoholic solution of 2,4-dinitro-

. phenylhydrazine and hydrochloric acid. Formed hydrozones we~e ea.nverted to 

·'red-colored compounds by treating with .caustic solution. The amottnt of car-

bonyl compounds present. in a sample was determined from a standard curve and · 

eXpressed as~ ~O on a weight.basis. 

3) ~ivett ~ .!.!" JAOCS, ~~ 17---21 (1953) 
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10. Organoleptic Evaluation 

Food bars were evaluated organolepticall;y after coating. Flavo~ .. and 

color were· the significant characteristics that were evaluated. Recipes 

f~r evaluating products were obtained from Technical Doc"Umentary Report No 

AMRL-TDR-~4-38, pp 21-26 (1964) (Table 2). 

11. Film Tb.ick.ness 

A Qeneral Electric thickness gauge TYPe B was used to measure film and 

coating thickness. 

12. Continuity of Coatings 

The continuity of thermoplastic coatings fused onto freeze dried meats 

duri:og the freeze drying cycle was determined by means of a staining technique. 

Cooked and uncooked cubes of meat ~ere sprayed with a o •. l~ (w/v) solution of 

fluorescein before depositing the powdered thermoplastic coating materials, 
I . 
• J 

as described above. The coated freeze-dried meat was :placed on the stage of 

a Bausch and Lomb 3 dimensional binocular microscope and illuminated with ultra

violet light at 3660°A.. Uncoated areas of' the sample fluoresced while coated 

areas appeared dull gray in color. 

Storage Conditions 

1. 40°C and 78'f, ~ 7% RH 

Coated :food bars were stored in a constant temperature box maintained at 

4Q'.ocC (l04°F). Relative humidity was maintained at 48 ~ 7~. by. means of 83% 
};,·,, .. ,{'/! 

propylene glycol in water. FoOd bars ·were placed on a screen that had been 

covered with cheese cloth. Six to 9 blocks of each product were placed in 

storage and 2-3 blocks removed at each evaluation period. 
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A Tenney Model T30UFR environmental Chamber equipped :wi~h a Bristol series 

500 temperature programmer was used for cycling, storage conditions. CamEL 

were cut to provide 2-24 hour periods at 0°F separated by two periods at l04°F 

for 24 hours ·and 64 hours respectively. Eight hours were required to obtain · 

equilibrium at each new condition. ~elt:tt±ve ~tlt>wr~$ 5~6~ at 104°F and 

increased to 85% as the temperature fell towards the freezing point.. Below 

0°C, the relative humidity appr<itcbed 100%. 

Treatment of' Freeze Dried Meat with Polar a~ses 

Weighed samples of :freeze-dried diced chicken we~ d,ried under vacutml to 
•( / 

constant weigbto The drying chamber was sealed off from the vacuum pump and 

hydrogen chloride gas (Matheson) was bled in to obtain a pa:rtial pressure of 

200 mm. As the HCl gas was absorbedJ more gas was admitted to maintain the 

200 mm partial pressure. Absor-ption was complete wit·"hin one hour. The vacuum 

ws then released and the flask and ·sample reweighed to d.etermi:ne the amount 

of absorbed gas. It was assumed -'cha·t when the parcial pressure of the gas in 

the flask remained constant, an equilibrium was reached between the free gas 

in the flask and the gas that had been absorbed by the salll.ple.. ./; 

G,~,$~ea:\ samples and controls were exposed to atmos:ph~ric concli tions (77°, 

50% Rlt) and their rates of moisture uptake were dete'rmined .. 

The above procedure was also used with Freon C• 318 (:pediuorocyclobutone). 

Equilibration with Freon C-318 required only 5 minutes compared to one hour 

:for HCl gas. 
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RESDLTS AND DISOUSSION 

Properties of Moisture Barrier Films 

It was concluded from Phase I that hot melt compositions based on ethyl-

cell\llose and aeetylated monoglycerides :pe~ormed well as moistu_-re barriers 

and as protection against fragmentation. The composition developed in Phase I 

contained polygl:ycerol esters as plasticizers. Polyglyeerol esters proved to 

be unstable at temperatures required to form and to a.ppl.y the hot melt a:nd 

they were replaced with calcium stearate which functions as a plasticizer, 

reduces tackiness and increases thel."'Jl'lS,l stability o:f the hot melt. 

various ratios of. calcitml stearate, ethylcellulose and acetylated mono• 

glycerides were evaluated for aompatibili ty and performance (Table 3). Films 

composed of ethylcellulose and amylose laurate were also evalmted (Table 3). 

Solvent-cast films composed of etbylcellulose, aeetylated. monog).yceride and 

calcium stearate did not change appreciably in. tensile strength, elongation 

or moisture transmission as the ratios of the. films' components were Changed. 

A hot pressed film contai11ing 37tf, ethylcellitlose, 4~ Myvocet 5·00 and 

15% calcium stearate exhibited the lowest moisture vapor ·hra:nsmission and this 

composition ws used in coating food bars. The lower moisture vapor transmission 

obtained with latter film is attributed mai1lly to the greater tiJ.m thickness. 

Films composed of' ethylcellulose plus amylose laux~te were also cast from 

solvent. Efforts to prepare these films from hot melts were not successful 
. . 

because of the poor heat conductivity and lack of plasticity of this coating 

composition. The moisture vapor transmission of solvent-east films did not 

change when the ratio of antV"lose laurate to ethylcellulose was increased 

(Table 3). These films exhibit much higher tensile strength and elongations 

than do the ethylcellulose, acetylated monoglyceride compositions. 
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Properties of ~gen Barrier Films 

studies carried out in Phase I indicated that sodium soy proteinate 

1 film.a were effective oxygen barriers. Sodium caseinate ~ilms ars also 

e:rfecti ve and are more easily prepared. Ill ·bhe present s-"cudy sodium_ ca.seinate 

was dispersed in wa~er with agitation e.nd bubbles were _removed by vacuum .de-

aeration. 

SoditUI.m caseinate films were pla.sti,cized with gl;ycerol. Films were pre

pared from dispersions eontaini!Clg 15~ sodium caseinate and 1.25 t.o 5~ glycerol, 

based on the weight of water<? '!'he cbaractel"i.stics of these films a.re given in 

Table 4o Splitting was frequen:tly encountered in ~lms which contained the 
' ' 

lower level of plasticizer (1.25i). Fil.rfls prepa.l--ed with. 5cfo glycerol and 1.9 mils . . . 
' 

in thickness were completelY pe1~eable to oxygen after reaching equilibrium in 

250 hours (Fig 2)~ Decreasing the gl1cerol level to 2.5~ signific~lY reduced 

the permeability of st>di't'!m easei:o.ate film to oxygen (Fis 2, Table 4 ). 

The.additiom of gelati~ to dispersions of sodium caseinate did not result 

in improvement in oxygen barrier cha.racter:t.s~tic over films pre<J?S.red with sodium 

caseina·te alone. (Table 4) .. 

It evident that glycerol re·tards moistuJc•e evaporation ·from the fia, 

ther~by· maintaining film continuity. 1l'he oxygen and mtrogen gases used in 

the CQCygen permeability test were not lrumi.dified before beiiJS passed into the 
. ' 

·test cells. T"tle co;a;tinuous fl.ow of dey gas across the film sw~ace probably 

had a .. cL.7fng effect which accelc;rate~, film failure· by cracking. 

Equilibrium reJ..ative humidity data on sodium casei.11ate films is given in 

Table ; and· Figure 3. Sodium case~nate film containing 7.57~ moisture and 4.4~ 

glycerol reached ~qui~i~rium after 22 hours a:'~ 50; and 75% RoH•, 23 141 C. Film 

eq11tilibrated at 96~ R• I• l'c'si~~~ioped mold growth after 94 hours. 1\To craekiDg 
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was observed in sodium caseinate films equilibrated at 50i or 75'{o R .. H. 

Based on the above data, aqueous dispersions containing 15~ sodium c~seinate 

and· 2 .. 5cfo g~cerol were . used to coat food bars that had been previous~ coated 

with a moisture barrier .. 

The oxygen permeability of the moisture barrier film applied by curtain 

coating is shown in Figure 4 and Table 4. The etbyleellulose, acetylated 

monoglyee~ide, calcium stearate. composition itself cannot be considered an 
' \ --· 

effective oxygen barrier. The latter composition is somewhat more effective 

than mixtures of ethylcellulose plus amylose laurate, and ethylcellulose plus 

calcium stearate, whose permeabilities are shown in Figure 5. 
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Applteation of Coatilnlgs to Freeze-iJlried and C~cted. Foods 

1. Flmdized Bed coating 

Trials 'With the Wttt:rsJcer fluidized bed coati~. process pointed out several 
' 

/ 

disadvantages of this coating technique: 

a. It is mcl'st appli~able to pieces ha:vim.g eurved, smooth surf'aees,, such 

as peas and beans, that do not staek and are easilf.separated. 

b. Fragile freeze dried foods are readiJ.y. fragm.ented by attrition in 

the fluidized bedo StraW\berey seeds were abraded off of freeze...-dried 

stra:wberry halves and in turn increased ·the degree of attri tj.o:n. 

co Coatings are applied in. a solvent in the 'WUrster process. The porosity 

of m.os~ :freeze-dried f'G<Ods enables the coating to be drawn to the interior 

of food part~oles' increasing the ratio of coating to food ai&d interfering 

With rehydration of foods. 
I 

d. Solvent which penetrates into :porous freeze-w~ied :foods is difficult 

to remove o These solvents caw. cause redis ... crlbution of lipids in freeze-

dried meatsp thereby increasirlg their susceptibility to oxidationo 

e.: . T'b.e coating thickness is difficult to ~ontrol on rot~ghp porous 

surfaces of freeze-dried foods. 

In spite of the above objectio~s9 continued :research ·o~ the fluidized bed 

·, eoating technique is· warranted if' coated discreet food particles are desired. 

FUture research iia this area should seek to eliminate srolverrt ... dispersed · eoatinss. 
I, 

LOw melting therm.oplastic materials 'ifJJJ!iY be applicable to t1ae fluidized bed 

. coating techn~que o 

2. ~aiw. coating 

CUrtain coating with edible thermoplastic film formitll COJilOSitions appears 

to be . eODllercially feasible, although considerable additional effort would 'be 
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required to adapt existing equipment to this application. Cu:rtain coating 

is more readily adaptable to food bars, such as those used in the preseni;. 

study 1 than to small pieces of' freeze-dried food. 

control of film thickness was not preci'se in. the "Eastoflow" process 
•' 

because of variation in the hot melt flow. Film thickness ranged from 5.0 

to 15.0 mils.. Thickness was controlled by the width of the slit in the ex• 

tru.sion bead and the curtain speed., 

Improved thermoplastic compositions are needed to extend the pot life of 

the coating material. The stability of the recirculating hot melt can be 

extended by coating in an inert atmosphere. The Eastoflow machine would re-

quire modification to allow operation in a nitrogen atmosphere. A picture of 

the Eastof'low machine is shown in Figure 1. Modification of the Eastoflow 

machine would also be needed to allow coating of 'both sides ·of a food bar at 

a single passo 

Factors observed to be important in coating food bars by the Eastoflow 

process include the height of the food bar (distance from the top surface of' 

the bat' to the vacuum platen), the distance between the bars, and the level 

of vacuttm drawn through the platen. Thicker food bars were more difficult to 

coat than were thinner bars. ~'Ufficient distance between bars is required to 

permit the vactrum to pull the c'UX'tain tightly around the bars. 'rb.e need for 

sufficient vacuum to allow molding of the film to the bar must be balanced 

against excessive stretching of' the film.9 particularly at the edges and corners 

of food bars. 

The presence of air bubbles in the hot melt interferes 'W1 th the continuity 

and smoothness of the coating. ~e Eastoflow machine is designed to prevent 

the . occUrrence of air bubbles in the filmo 
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~e hot melt temperature was controlled at 300°F for best flo~bility 

with the etb.ylcellulose-acetylated monoglyeer:ide-calciUm. stearate coating 

co~osition •. This high temperature resulted in degradation of· calcium stearate 

over a period of 3 hours. The film color,. initially ligh·t tan,· gradually 

turned brow.n .. 

Continuous coatings were obtained on most~ campressed food bars. High 

·protein bars including non-fat d:ry milk and freeze-dried cottage cheese were 

more difficult to coat. Splitting was encountered at the edges of these 'bars 

after they had been sprayed with sodium caseinate dispersions. Apparently, .. ~ ' 

the thermoplastic coatings do not adhere well to. h!ghly polar protein foods 

and a goo.d bon.d between co.ating and food sur:race was not obtained. 

3.. Dip coating 

coating freeze-dried foods by dipping in hot melts or solvent-thinned 

coatings has serious disadvantages.. only exploratory experiments were carried· 

out to establish the feasibility of' these techniques o Dried food bars that 

were d.ip-coat.ed in a solvent thinned dispersion of ethylcell:ulose1 aeetyla:ted 

monoglyceride and calcium stearate required 24 hours in a wa+m air stream to 

reduce the solvent to a level that could not be detected ol:f'aetorily. coating 

food bars by dipping in hot melts was not successful because of the high Vis-. 

cosity of the coating material. Film thickness and uniformity could not be 

controlled" Dip coating is analogous to enrobing.. Enrobing requires coatin.gs 

with low melting points. This type of coating operation is feasible with gly-

cerides but not with cellulosic materials which exhibit high sof'teiling points 

and high viscosity. 
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4. Coating of Margarine 

'fhe coating of margarine was considered separately :from the coating of 

food bars because of the special properties of margarine. A margarine coating 

must have. sufficient structural strength to withstand the internal pressure 

that develops when the melting point of margarine is exceeded. O:xygen barrier 

protection is also required .. 

Spray application of sodium caseinate film on margarine was not feasible 

because of the poor spreadabili ty of aqueous dispersions on fat. Use of a. 

surfactant (polro~ethylene 20 monostearate, Tween 60) at a level of 0.1% in 

a sodium caseinate disper,sion did not improve its spreadability or adhesion to 

margarine .. 

coatings prepare·d from mixtures of acetylated monoglyceride, sociium 

caseinate, and beeswax on hard coating butter were prepared as follows: 

Ingredient 

}(ylvocet·5-00 
Sodium caseinate 
Beeswax 

Mjlvocet 5-00 
Sodium caseinate 
Beeswax 

Myvocet 5.o.OO 
Sodium caseinate 
Glycerol 

Myvocet 5-00 
Sodium caseinate 
Glycowax S-932 

Weight 

275 g 
180 

250 
125 
75 

325 
200 

200 
125 

50 

Preparation 

Melt :Myvocetp 
blend in 
caseinate, 
add beeswax 
and continue 
heating and mixing 
to :form a paste 

Properties 

smooth paste 
solidifies at 
room temp 

Fast setting 
at room temp. 
Hard coating 

Melt MYvocet, Slower i~ 
suspend some caseinate hardening than 
in glycerol and remainder other. coatings 
in Myvocet, mix at high 

· speed 

Melt M)'Vocet, 
· disperse caseinate, 

add Glycowax 

Slow in 
hardening 

Coatings prepared from the above mixtures were applied to frozen slices 

or balls of margarine. Margarine balls and slices averaged 25 g. Frozen 

pieces of margarine were held on applicator sticks and dipped into the hot 
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melt COfltinss. Margarine balls eoated with the eompositi~ containing 325 

parts MTf'oeet 5-00, 200 parts sod.itllll caseinate and 20 parts glycerol w:l thstoo9-

24 hours of, storage at ~7•c., but cracked within 6 hours at 4o•c. · Samples. 

stored at 3<Y.) did not shQW ars:~ leakage over a period of two weeks. 

Cracking of coated margarine slices oc¢;:urred at edges and corners . where 

the c()ati!O.g was thinner.. I~ margarine balls, ~raclt.Ulg occurred on the bottom 

. surface where flattemng occurred following storage at elevated temperatures. 

It is believed that the internal pressure of coated balls and slices of' mar

garine iZlereases wen the margarine :melts and releases gas that had been en

trapped in the .emulsiono· 11be mechanical strength of the eoa·ting is probably 

further weakened by- migration of fat into ~he coating .. 

Pharmaeeutical grade gelatin capsules were evaluated as a means o'f pack

agtng. margarine • S:tz·e .· #10 capsules averaged 20 cc i:n ;oltame and 4.1 8 in 

weight. Capsules that were filled w1:th margarine and sealed w:Lth melted beeswax 

leaked when stored at 4o@c. 

Qua:rter polllld bars of margarine were coated with ethyleellulose, aeety'lated 

monogly·ceride and calei1m1. stearate hot-mel:t mixture With the aid of the Eastoflow· 

curtain coating machine co !he bars were not ~ozen prior to coating and some 

oiling-off' oceurredo Of two bars ·coated by this technique, one remained intaet 

at · 4o°C for one veek, but exhibited eraelting after 8 days at this temperature. 

The appearance of these samples was l.mdesirable because of oil separation after 

storage at 4o°C., Bo off-odors were detected 1·n the product after storage. 

It was suggested that a preformed sleeve of the ethylcellulose compos~tion 

might allow packagi:ng of margarine bars while avoiding tll,e effect of high ~oa-t;iug 

temperatures · on the margarine. Attempts to form a eoratinuou.s sleeve of th.e 

ethyleelluloae composition in an alumiuum mold were 

the poor flowa.bility of this composition. 
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Coating DUring The Terminal Stage of Freeze Drying 

Pieces of beef and chicken were coated 'With powdered thermoplastic 

materials and freeze-dried as described. 'l'b.e :f\tsion of pawdered lipid 

materials on meat surfaces did not result in formation of continuous coatings. 

The problems encountered with this approach were primarilY mechanical. Sides 

and bottoms of food pieces lying on trays were difficult to coat. By placing 

an excess of the:rmoplastic on the top surface of' f'oodrpieces, scme would melt 

down the sides.. Righ ratios coating to f~d caused dif:fieuJ.ty in rehydrating 

the partially coated food. The irregular surface of freeze-dried meat em

phasized the problem of coating filling the crevices and finding. its way into 

the interior portions o~ freeze-dried meat samples. 

Freeze-dried meat that bad been coated with wecobee s hard coating butter, 

beeswax and Myvacet 5•00 aeetylated monogl;reeride were stored at ;CJI,, 75cfo and 

98% relative humidities at 23°C. The rates of moisture uptake under these 

conditions are shown in Figures ··~ to $. Since the ratio of' coating to food 

could not be closely controlled, results are :repo~ed in these figures on an 

as is basis... Ether extraction of coated samples indicated the following: 

Coating % Ether EXtractibles 

None 7.1 

MYV&cet 5-00 37·7 

Wecobee S 58. 8 

Beeswax 43.6 

When the moisture uptake for coate.d freeze-dried meats shown in Figures 

· 6 to 8 are corrected for the" we:tSn.t of the coating, there is little difference 

between uncoated· cont'rols and coated. samples. 
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The failure of this coating technique can be attributed to 

absence of a continuous coating. Samples of meat that were stained 

with fluorescein dye prior to freeze-drying and coating were 

observed to have discontinuous coatings when viewed with a stereo 

microscope under ultraviolet illumination. 
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' '!'he Effeet of 'Gases on Mois~ure, Sorp~:to:n ·by Freeze J)ried. Chi eke 

The work of Benson and coworkers1 demonstrated that..,both polar and nom

polar gases ·form a mono;ts.yer on protein surfaces. Polar gases were al$o · 

strongly bound to internal polar sites~ The formation of chemical bonds was 

demonstrated in some· cases. 
. . . 

An objective of the present study wa.~ to dete~- t:t ·tl"ea:tmtm.1t ot de~ 

hydrated foods with polar gases would provide prote«t:t«*'a~l-~'.·t:t-8,• ett~ 

. viron:mell.ta.l conditions. Benson' s wrk fttrther sho'Wed. that st:erie faetors wre 
~ 1 • '• - ' ' 

of significance in determining how much polar gas could be sorbed hi protein. 
' r· ~ . . . 

Larger polar gas moleeules did not penetrate the protein matrix easily. '.anrls1 

methylamine is not sorbed as strongly by protein as is ammonia altb.Ot.1.gb it is 

a stronger base than ammonia. sorption of non-polar gases 'by protein is essen

tially' reversib·le. Even with "irreversible" sorption, most· of tpe polar gas 

could be .removed, by- beating. 

The requirement of edibility severq limited the ebo±ce of gases in the 
\ 

present study-.. Gases chosen for study include hydrogen cb1orid:e, Freon 21 

( diahlorofluoromethane) _and Freon C-318 (perfluorocyClobutane'} o , Fl'>ecm 21 is 

the most polar o£ the Freon ehem.icals now availabl.e. Freon 0•318 is a compact 

1 B Srini.vason al1d S W Benson, J Am C'hem Soc J11 6371 ·(1.955.); x; 24o5 

(1956); ~, 5262 (1956) .• 

S W Benson and R L Richardson ibid 77 7 2585 (1.955).) 
. -

S W Benson and D A Ellis ibid 70, 3563 (1948}; B~ 209;5 (l.950 l'• 

:r M seeho:r and s w Benson ibid n_, ?053 (1951); J2, 392) (1953); 

11, 2579 (1955). 

S W :Sens'on !! al, ibid 1.2, 6o4o (1953); ]!, 2102 (1950) ~ 

J M Seehof et !_!, ibid Ji, 2427 · (1953}. 
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eye lie molec:ule that is completely fluorinated and non-polar o It was f'elt 

that Freon c~ 318 ~pt penetrate the structure of the protein 1110re easily than 

non-cyclic. · Freons ~t 

Benson showed that oxygen covered only the surfaee of a protein, but water 

vapor was sorbed in the in:terior. of protein molecules as well as on the· surface. 

The effect of the polar and non•polar pses on sor,pticn of atmospheric 

I 

moisture by :freeze-dried chicken pieces was studied. to evaluate the- practieali t:r 
,f, 

of' gaseous , barriers o 

A flask containing freeze-dried chicken pieces was evaquated 'by meau of 

. ·.. . . . . .· . . . . . .. . ; ' 

a dif'f'usion pump :to strip off as muceh sorbed gas a~ possib~e. '!'be ehamber vas 
. . 

then braught to_ a partial pr~ssure of 200 ~ with the gas under :stud:y'. !'Me 

pressure rep~sents an estimate of the partial pressure 11eeessa:ey- to obtain 

. rapid saturation of most of the sorption sites. The amnnt of gas sorbed by 

the ~ze-dried. cllfeken pieees is estimated in ~b·le 6o 

. Gas treated and control samples of freeze-dr:led · chicken ,were exposed t-o 

The moi~ure content of both control and gassed sa~nPles 
I . . ~. 

increased nearly 50r{o in Oo 5 hours (Table 71 Figure 9). MoistUre contents of 

9-11~ were obtained in the freeze-dried ~hicken after 24 hours at 5~ R.H., 

'l'b.e available data does not'·' show a significant proteetive effeet of the 
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Storage Studies 'on Coated FOOd :Bars 

A. Storage Conditio~s: 4o"c.. 48.0 ± 71o :Et.Ji .. 

Although care was taken to prevent moisture uptake by'. food bars prior· to 

coating, !able· . indicates appreciable moisture gain bad occurred prior tb 
,\;····~iJ\>· 

.coating. Moisture gain was difficult to :pr4!vent sinee the coating was done 

in Kingsport, Tennessee during the. late Stpring and early summer months wben 

relative humidities were quite high.. · Freeze-dried cottage cheese, ehicken, 

orange jUice and applesauce were partieul.ar:ty sensitive .• 

Uncoated p~ducts with initial moistttres of approximately 4 •• lost weight 

after 20 days in storage at 40°C, 48 .. 0~ m~ while samples with initial moisture 

levels below 2 .. 0tft, increased in moisture from 2 to 4times. 

Most of t'lle coated food bars lost weight after 20 days storage (!'able 6). 

Only applesauce and chicken and rice bars increased in weight after 20 days, 

but the la:tter product ~ost weight a:f!;er 2 months in storage. 

Tbe data shown in Table 8 indicates that the coating provided ·· saae moisture 

barrier protee~ion in a rmmber of tbe foOd 1>roduets.. Compa.r.i!lg moisture pins 

of coated· and \ttl coated products, and a+lawiJAg for , the difference in initial 

moisture content, applesauce, chicken and rice, chocolate pudding and. cottage 

cheese show lower moisture gains among coated· than in uncoated bars after 20 

days storage .. 

The pro~ective effect o:f the ethylee11ulose aeetylated monogl.yeeride ... 

calcium stearate coating is also seen in a c~arison of moisture contents of 

the food bars a:fter two months storage (!Ca.b'le·, ,-·'"~~· .cottage~ cheese and Bon-:fat 

dry milk and chocolate pudding shewed :moisture irtcreases, but the tinal mo:t.stve 

contents of 5 .. 22, 4 .. 55 and 1~86, respectively, are not excessive :t:n View of . 

the initial moisture levels of the ba:rs.. Both chicken and rice and beef stew 
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bars lost moisture a:fter two :mon:tbs storase at · 4o•c, 48~ · R. H· Mashed potatoes 

and cream of mushroom ·soup bars also deerea$ed in mo~sture content. Moisture 

changes in coated food bars may have been contributed to by smal1 slits· or 

cracks in the coating, such as ws encountered in coa:ted c~age .cheese and 

non-fat dry. milk barso Moisture mayo also have been lost With the coating, which 

was stripped off prior to analysis. 

Oxidative Deterioration 

Peroxide ·values and total carbonyl compounds in stored tmcoated and coated 
\ 

f'ood bars are given !n Table 9.. The uncoated samples were stored for 20 days 

while the eoated samples· were evaluated after 20 and 60 days of storageo Wo 

peroxide or carbonyl compounds were detected initially in coated and uncoated 

food barso While tb.e data ar~ too lindted to be of nruch signifidance, coated 

:food bars tend to exhibit higher in ·es of' o:x:tda:tive deterioration than do 

uncoated bars o One explanation for this trend is that the coat~ng may have 

trapped volatile oxidation produt1ts in the bar lth:tle these p~clucts might escape 

more easily from uncoated bars. Another· cause for higher levels o:r oxidation 

amc;>ng ~oated b,ars may be ~he· high temperature of the melted coating h~ving 

acce1erate4 .the tnitia:tion of lipid ox:tdationo Fast cooling of coated food. bars 
' ' 

might improve their oxidative stability. 

Or~anoleptic Evaluation 

Food bars prepared w:t. th the PillS"t;ltry-ty.:pe. b.in.der described above evidenced 
~ ' . ' . ' . . 

fat separat:l~n under /~he coating.. Separation was most pronounced in chicken 

and rice and cream. o:r ·nru.shrooln soup bars o Compression of beef\ s~ew bars re

sulted in fat ·pooling· in pockets; there was no objectionable oiliness on the 

product surface, hwevero 
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. All c03.ted samples exhibited varying· degrees of browning after 2 mOnths 

storage at A0°C, 48% R.H.. After 20 days stora..ge under these conditians, un• 

·coated samples exhibited a lower degree of" browning than did coated samples• 

·Applesauce and orange juice browned so bad4' that the reconstituted prOducts 

were unacceptable.. The no:rmal flavors ·of the latter products were ba~ely 

recognizable after 2 months storage.. cottage e'heese and non .... :rat dr.Y milk 

changed in color to dark cream or light tan and develop-ed an o:rr;.:rlavor 

associated with stored casein. Beef' stew did not show marked changes in ~&lor, 

but· the flavor of' rehydrated beef was badly oxidized. 'l'b.e flavor of the veg• 

etables in beef stew did not change appreciably compa.::red to anuneoated sa.Dlple 

stored at room temperatureo 

Chicken and rice bars were fai'rly acceptable in eolor and flavor after 2 

months stor~ge at 4o~co As in the case of beef stew bars,· some fat p001ing 

B· Cycled. storage .conditions 

Fo.od bars coated wi tb etbylcellulos·e...,acetoglyeeride-ealeium stearate com

position were stored under the cycled conditions o~ temperat~e .and humidity 

previously described. Table 10 shows that most of' ·the produets gained high 

levels of moistureo Within a week, the coating on all food bars bad split or 

peeled off, exposing the bars to ~he conditions :in the environmental chamber 

(FigUre lE>). :Food.bars expanded as the exposed portions absorbed moisture. 
. . ' 

!n 

some eases' exposed food bars compietel:f lost their stnct-ci.ral integrity'·o ' . . 

Ttle surfaces of ~oated bars blistered .after first being placed in the 

cycled storage conditions o Blistering is ascribed to differences in the rates 

of moisture se>rption by sodium caseinate and the etbylcellulose ccmtpositi0n 
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and the resultant greater elasticity of the sodium caseinate. layer. Batches 

of ethylcellulose composition film with a~d without the sodium caseinate 

laminate were stored under the cycled ~ondition:s for one week. The film 

· with the. sodium caseinate laminate had blistered and the edges rolled up. 

The ethylcellulose cbznposition alone remained smoeth'and flat under these· 

conditions. e appearance of intact coated food bars is shown in Figure 11 • 
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Table 1 

. -- ___..__. -~ ...... Compression of Food Blocks 

Food Item 

Choeolate2 

Pudding 

Mushroom.1 

soup 

Applesauce 

2 Orange juice 

N.F dey milk2 

Mashed potatoes1 · 

Chicken & rice;t. 

Bee:f ste~ 

Cottage cheese2 

Bloek Wt. 

1.0 oz 

1.0 oz 

37.2 sms 

1 .. 0 oz 

22.7 gms. 

1.0 ciz_ 

30.0 gms 

1.0 oz 

1.0 oz 

Pressure 
PSI 

2000 

1500 

Boo 

1100 

1000 

2000 

1000 

1500 

1000 

1 Pillsbury binder added at 20tf, 

Dwell ·Holding Wt~ .& 
Sec' . Time ·in Min. 

15 10 c 

15 

20 

30 

30 

15 

30 

30 

30 

10 

10 

10 

10 

15 

15 

2 Evans Research binder added at 15% 

34 

Blpck 
cond,:J.tion 

good 

fairly good 

very good 

" tf 

good 

good 

good 

fairly gooiJ. 

good 



Product 

Mashed Potatoes 

Applesauce 

orang~ juice 

N.F dry milk 

cottage· C:lleese 

~ : : 

Cbicken &·rice 

Chocolate PUdding 

Cream of mushroom 
soup 

Table 2 
I 

Reconstitution of Canpressed.Food Bars 

wt.. Water Addition 

28.3 gms 90 ec 

37.2 180 cc 

28.3 118 ~e 

22 .. 7 236 ee 

28.3 90 ce 

·135 ·CC. 
. . . . .. ~ ,• .. 

32.0 120 ec 

28.3 130 cc 

28.3 180 cc 

·3-5-

Recipe 
' ' 

Add water hot'.· Stir until smooth and·. 
evenlY' miXed. · · · ·· 

Add cold water. stir. Let stand 10 min .. 
Record time fo~ complete rehydration. 

Add cold water.' stir until mixed. 

Add cold water. Stir until dissolved. · .. .........._. . 

Add cold water. Stir and mix to 
smoo~onsistency. 

Add ·water· ·bot.. Stir) let· stand for 30 
· 'nrl,n. Evaluate~ If' need ·more time to 
· ·.rehydrate, .. add more hot water ari,d 

record time • · · · 

Add water 'hot. FolloW. same as i~ Beef 
& Vegetables •. 

Add cold water. Stir well and cook 
to tlii'Cken. 

Add hot water. · Stir. Let stand :f'or 
20=2;-inin .. Cook to thieke:r:a- if" need~d. 



Table 3 

components 

Ethylcellulose
acetylated mono
glyceride-calcium 
stearate 

(Hot· Melt) 

Ethyleellulose
caleium stearate 

Ethylcellu1ose
ainylose laurate 

Characteristics of Moisture :Barrier Films 

Ratio ThiCkness Tensile lb/ Elongation MVT 1 

,0 mil Strength sq in ~ g( sq in/24 ~rs 

28.57 
42.86 
28.57 

42.86 
42.86 
14.28 

37-0 
48.0 
15.0 

75.0 
"25.0 

50.0 
50.0 

75.0 
25.0 

.38.5 
61.5 

1.0 

1.0 

4.0 

1.5 

o.6 

1.0 

1.0 

320-420 a.o-4.o 0.492 

1 

640-655 ~·5-4·5 0.508 

370-430 17.0-19.0 0.149 

4050-448o 3.2-3.5 0.676 

1410-1525 1.2-1.3 0.467 

5160-5220 19·5-24.5 0.539 

3320-3680 6.0-12.5 0.537 



Table 4 

Film·Components Ratio of 
Campi 

Sodium cas~~te 15 
glycerol-water 5 .. 0 

100 

15 
2.-5 

100 

15 
1.25 

100 

Sodium caseinate- 14.0 
g~lation-glfcero1- 1.0 
water ·. 1.2; 

100 

Ethylcellulose- 42.86 
acetylated ~ono- 42 .• 86 
gl.yceride·c~lcium 14.28 
stearate 

37.0 
(Hot Melt) 48.0 

15.0 

Ethylce1lulose- 75 
calcium stearate 25 

Ethy1ce11u1ose 75 
amylose ·laurate 25 

Characteristics of OXygen Barrier Films 

Film . ~ 02 in Test Oel1 
!hickness 
mil '50 hrs 100 hrs Final· 

1.7 31~ 59· 5cfa' 9(5.0tf, 
(334 hrs) 

3·5 1.~ 1.~ . 5·6~' 
(250 hrs) 

4.0 2~5~ 4.;~ 6.2ofo 
(144 brs) · 

Film . dried out and cracked 

1.5 
after 18.2 hrs 

1.0 77 .o;, 8l.Otfo 99·~ 
(3~8 hrs) 

4.0 2l.orf, 30,.4% 67·7"' . 
(367 hrs) 

1.0 87.~ 88.5% 98·5~ 
(388 ~!s). 

2.0 78·5~ 86.5% 99· ()i/, 
(388 hrs) 

Permeabi1i ty 
Constant 

233 

Film .split 'liefore 
equilibrating 

20;200 



,.$ 
22.0 

9lr..o 

. . 

:Moisture tJptake ~ Sodium ea~ei~te :Filxni 

. :a.3•c-:~22f ... ·.~ 
·o.6916 gm 

·0.7088 igm 

0.7135 .sm 

0-7134 gm 

23~¢o...1:5l.mt 

0.6197 p 

0 •. 6166 gm 

o.e21o sm 

0.8198 gm 

g3•.c·~·"m 
o.7659 am 
o.925o sm 

1 •. 3533 gm 

{1.,4606:):~ 

1 
Film containe'd 1·57'!o ~o and 4.4~ gj.ycerel. 

2 Mold. growth. 
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!'able 6 

Sorption of Qases by Cooked, Fre~ze-Dri.edJ~hicken Chunks 

Gas. sorbed 

-- ·. B:ydrog~n. chlo,ride 

Dichlorofluorometbane (Freon 21) 

Perfluorocyclobutane (Freon C-318) 

·g sa.s. sorbed 
gmeat 

o.··o4o5 

0.0655 

0.0929 

39 

meq gas sorbed 
S meat 

1.11 

0.636 

0.436 



Sori;>ti,on of Wat,er Vapor by cooked, _Freeze··Dl"ied Chicken Ohunk~ 

''frea ted With~~:E>oar:; .. lnd· .l.¢P.n~Pori.a:P 418sesr ; · 
'· ... ·.·.··.. . ··'·,· ·; 

Time (hours) 

0 

2 

4 

6 

24 

48. 

72 

tfo Moisture in Chicken M~at Treated -.:tth: 

Control 

-1~;19 

4.86 

6.25 

8~60 

9-23 

9·64 

9·96 

Freon 21 

4.E52 

6.74 

6.20 

1·91 

10.65 

10.45 

a.,, 

40 

Freom e-318- . !tY;drosen Olillorid.e 

3· 36 '3/76 

5-51. 6.47 

7-69 6.62 

1.60 5.6o· 

9.34 9-04 

9-73 8.82 

11.88 9·35 



Table 8 

Food Product 

Orange juice 

Apple~;!auee 

'Cottage cheese 

Mashed potatoes 

Chicken & rice 

·Beef stew 

~~ ..... dhoeolate pU~ding 
-.~...J. 

Mushroom soup 

NF Dry milk 

Storage Studies on Food Bars at 40°C, 48% RH 

. :Ufteoated coated 
Initial· 20 day storage Initial 20 day storage 

~ -~----·~ ~ '!> 

1.85 3-76 4.78 3.85 

1·~86 9-13' 4.51 8.57 

0.89 . 2.96 3-51 2.17 

4.08 3-36 5·33 4~20 

1.95 4.71 5.05 .6.53 

4.16 3.04 4.95 3.23 

1.16 6.29 1.32 0.94 

1.17 3·19 4.47 

3.96 2.34 4.13 

1 A:rter 2 months in storage. 

- 1 
Final~ 

2.40 

- 8.16 

5.22 

4.84 

4.-55 

3.04 

1.86 

4.12· 

4.55 



Table 9 

Food·Produet 

Cottage cheese 

Ma,sned potatoes 

",,, Ohteken & riee 
i 

Beef stew 

Choeolate pudding 

eremm of mll$hroom soup 

'\ 
I 

OXidative sta'Qility of Food Bars Stored at 406 C;, 48~ REI 

• c. • trncoated1 
·j\trplcide Carbonyl 
Value meqfkt!; . COJ:n.pds tfo .. 

1.0 0.01 

o.o 0.01 

o.o 0.02 

3·9 0.02 

0.·:0 o.o 

o .. o 0..01 

1 

Coated 
Persxide Value 
~:t1d.a:r~ ... 60 days.' 

o.o o.o 

:(). 0 -
' ... 3.61 

ll •. Q -
-0.0 -
- o.o 

])lta .. on food bars stored for 20 days. 

Carbaeyl· Compds ·cf, 
20days 60.days 

0.02 0.05 

o.o 

- . o.o6 

O.G4 

o.o 

- 0.05 



Orange juice 

Applesauce 

Cottase cheese 

Table 10 

Moisture, Peroxide, and Carbonyl Values in Coated 'Food Bars 

Stored at Cycling Temperatures of -l8°C to 40°C for· 

4.78 

4.51 

11.23 

13.12 

30 ])3.ys 

Peroxide 
meg/kg 

Initial Final 

0 o.ao· 

Carbo~l· . tfo 
Initial Final 

.Mashed potatoes 

3-51 

.5-33 0 

Chicken & rice 5.05. 24.09 0 0 0 0.05 

Beef stew 4.95 19.07 0 2.85 0 0.02 

NF Dry milk 7.51 --
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Figure 1 
THE EA.STOFLOH MACHINE 
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FIGURE 10 

PEELING OF COATED FOOD BARS UNDER CYCLED TEMPERATURES AND HUMIDITY 
CONDITIONS 
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FIGURE 11 

COATED FOOD BARS 
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